Eye-color mutants were found in the flower bugs, Orius sauteri (Poppius) and O. strigicollis (Poppius), which are effective natural enemies of thrips and mites. The mutants have bright red eyes, and are easily discriminated from the wild type (with purple to black eyes) after the 2nd nymphal instar. By crossing experiments, it was determined that the red eye trait was recessive and the locus was inferred to be autosomal in both species. In experiments using the mutants, it was shown that Orius sauteri and O. strigicollis females mate only once or a few times during their lifetimes. Similar mutants may be found in other Orius populations or species.
INTRODUCTION
Predatory flower bugs in the genus Orius Wolff have been studied and used as natural enemies to control thrips, mites, and other pests worldwide. Several species of Orius inhabit Japan (Yasunaga, 1997a-c) . O. sauteri (Poppius) has shown good performance as a pest control agent (Nagai et al., 1988; Nagai, 1990) , and native Orius species have attracted much attention in Japan. Eye-color mutants were found in stock cultures of two species, O. sauteri and O. strigicollis (Poppius) . The mutation can be used as a visible marker in mark-andrecapture experiments, examination of interspecific competition, and examination of establishment or efficiency of introduced bugs. In the present study, we report characteristics of the eye-color mutants for future use, and show an experimental use of the mutants.
MATERIALS AND METHODS
Red-eyed individuals were found at an incidence of about 2% in populations of the Obihiro (lat 43°N, Japan) strain of O. sauteri and the Okinawa (lat 26°N, Japan) strain of O. strigicollis. The former was maintained for more than 10 generations after collection of 24 adults in July 1997. The latter was maintained for about three generations after collection of five females in March 1999.
Red eyes (compound eyes and ocelli) occurred in both sexes. The eyes of black-eyed adults are purple to blackish, but those of red-eyed bugs are all bright red. After the second instar, the eye color can be easily discriminated under the microscope. Discrimination is difficult in the first-instar nymphal stage because the eyes are too small and their color is similar in both forms. The mutant also can be discriminated from the wild type in dried specimens and in those preserved in 70% ethanol for at least one year after preservation.
All black-eyed nymphs were removed in successive generations from red-eyed lines, and red-eyed nymphs were removed from black-eyed lines to establish pure lines. In the red-eyed lines, black-eyed individuals disappeared immediately following the beginning of selection, but in the black-eyed lines, the proportion of red-eyed individuals gradually declined over about three generations before disappearing in both species. After that, individuals with the opposite eye color were not found in either line. From these observations, it is inferred that the red eye is determined by recessive alleles in both species.
Several combinations of reciprocal crosses, back-crosses, and F1 inbreedings between the redand black-eyed lines were conducted to examine the inheritance of eye color. Crosses were all masscrosses. The number of parents in each cross is shown in Tables 1 and 2 
. Final instar nymphs were
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Toru Shimizu 1 and Kenjiro Kawasaki reared individually for each cross to obtain virgin males and females. Their sexes were checked in the adult stage.
As an example of a use for the mutant strains, the mutants were used to evaluate the number of mating events during a female's life in both Orius species. Each red-eyed virgin female (6-8 days after adult eclosion) was mated once with a blackor red-eyed male in a plastic vial (1 cm diameterϫ 5 cm length, the mating was observed). The females were then mass-reared in a plastic case (15ϫ 10ϫ5 cm) with the same number of males of the other eye color until they died. Twenty seven O. sauteri females and 25 O. strigicollis were tested. Bugs were reared on eggs of the moth, Ephestia kuehniella Zeller at 25Ϯ1°C under L16 : D8 photoperiods.
RESULTS AND DISCUSSION
Results of crosses between the red-and blackeyed lines are shown in Tables 1 and 2. Black eye was dominant in both reciprocal crosses. The locus was inferred to be autosomal. The proportions of red-eyed individuals in offspring of back-crosses ranged from 0.34 to 0.63. The proportions were not statistically different from 0.5 (two-tailed binomial tests; pϾ0.1) in nine out of 12 cases in the six back-crosses. Although the possibility of more complex modes of inheritance cannot be excluded, the autosomal, single-locus, two-allele, black-eyedominance genetic model accounts for the inheritance of eye color in both O. sauteri and O. strigicollis.
The red-eye gene may be a useful visible marker for studies on these bugs. It can be transferred to other strains by alternately repeating selection for red eyes and back-crossing the strain to the redeyed line. The strain can be used to test paternity in experiments for sexual competition, and to compare the performance of different species, different local strains, or experimental strains with different characteristics as biological control agents. Strains carrying the red-eye allele may be useful in estimating the dispersal ability or settlement of released bugs in the field, and could also be used for field monitoring of artificially selected or genetically manipulated natural enemies. However, we did not examine correlations between the eye color and traits related to fitness, especially to sexual competitiveness. Examination of these correlations will be necessary before the eye-color mutants can be used as described above. Table 3 shows results of a paternity test. During a female's life, the contribution of sperm from the second or later males to reproduction was small. 186 T. Shimizu and K. Kawasaki From 66 to 100% of offspring were descendants of the first male. In females of O. strigicollis that first mated with black-eyed males, all offspring were from the first male. The small contribution of the second or later males may be due to rejection of subsequent matings by females that have already mated. Observations showed females more or less readily accept the first mating but not the following ones. We recorded the duration of mating in redeyed females of O. strigicollis that first mated with red-eyed males and next with black-eyed males within 2 h after the first mating. The duration of the first mating was 12.9Ϯ4.1 min (meanϮSD; nϭ13), but that of the second mating was 4.1Ϯ6.5 min (meanϮSD; nϭ12). The second mating is significantly shorter than that of the first (tϭ4.11; dfϭ23; pϽ0.001). It is likely that the female mates only once, and the production of offspring by second or later males is due to insufficient or no sperm transfer during the first mating. However, we observed that one female first produced offspring of the firstmating male and next produced offspring of the second or later males in two females of O. strigicollis. Therefore, the effective number of matings 
